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1, INTRODUCTION 

Power quality(PQ) is an essential part of energy system building. It assumes a paramount part to 
guarantee the nature from claiming energy being conveyed of the industry client. Fault happen at 
transmission or distribution a gesture PQ event including voltage sag resulting from fault happened through 
transmission or distribution degree might reason the influenced industries arrive to hundreds from thousands 
of pecuniary casualty [1-2]. The AC power supply device is designed to perform at a sinusoidal voltage with 
a regular frequency (commonly 50 or 60 Hz). A flicker, harmonic, transient, voltage notch, voltage swell and 
voltage sag these are classifications events of power quality. Power quality research is the investigation of 
different wonders that causes control quality occasion to happen and the improvement of extenuation 
strategy. The power quality disturbances are establishing each time there is a sizeable alternate in the supply 
voltage importance, supply frequency, and/or waveform deviation because of numerous varieties of faults, 
nonlinear loads, switching of heavy hundreds, strength electronics converters etc. [3-4]. 

The non-stop energy systems enlargement and load of varying nature have imposed high 
requirements in defensive equipment's, especially related with pace and accuracy. these are crucial factors for 
fault clearance. If a fault isn't nicely detected and eliminated, vast harm or an electricity gadget blackout can 
also take location. The behavior of defensive devices may trade with the diverse styles of loads including 
linear and non-linear hundreds related with the distribution gadget [5]. Simulation method is one of the 
widely used studies approach to version and simulate diverse energy first-rate events. Simulation method 
offers an intuition from how the PQ exceptional occasion behaves via converting the simulation parameters 
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[6-7] and is beneficial for demonstrate proposal. Simulation is likewise usually accustomed for simulate 
energy satisfactory proceedings waveform to appraisal of energy anatomy algorithm. There is numerous 
energy device simulation gear [8] to be had and every simulation equipment has it very own deserve [9]. 
However, those widely used within the academic studies network are ATP/EMTP [10], PSCAD/EMTDC 
[11], MATLAB with Power System Toolbox [12-13], Power System Analysis Toolbox [14-15], Simulink 
with SimPowerSystems blockset [16-18]. In this paper, MATLAB/Simulink with SimPowerSystems 
blockset is chosen as simulation platform due to the fact it is broadly used in lots of universities round the 
sector and thus far there may be no propriety reporting a complete PQ occasion simulation in simulink 
models. This paper gift an all-round format of simulink fashions usage for simulation assorted power 
quality occasions. 


2. SIMULINK MODEL 

Simulink model usually incorporate distribution nonlinear load, capacitor bank switching, 
transformer energizing, induction motor starting and line fault string-theory are represented in the pursuing 
parts to simulate energy quality occurrence. The stage of distribution voltage used inside the pattern is 
founded on Iraq pattern code. 


3. TYPES DISTURBANCES OF POWER QUALITY 
3.1. Voltage Sag 

The voltage sag can be known is the to the highest degree common kind of power quality 
disturbances that is typically lasting from 0.5 to 10 round inside the users' premises. It's commonly related 
with faults in the short circuit which includes line to line (LL), line to ground (LG), three phase to ground 
(LLLG) and double-line to ground (LLG) faults [19-20]. 


3.2. Voltage Swell 

It 1s too related within the short track faults at energy system. The sag could be produced at the 
section wherein fault is happened whilst the swell is created at non-fault levels, In a (LG) fault. It's can be 
establishing via change-off an energizing a big capacitor bank or heavy load [19-20]. 


3.3. Interruption 

The interruption is known the entire mislay to the supply voltage for a time frame no longer 
exceeding | minute. The supply of voltage could be reduced to 10% to the formal worth. The energy device 
faults, manage features are the consequences of the interruption and system failure [19-20]. 


3.4. Harmonics 

It's currents owning frequencies or sinusoidal voltages which can be integer increases to the basic 
frequency (50 or 60Hz). It is specially as a result of the nonlinear loads inclusive of inverters and rectifiers 
and different static energy conversion system [19-20]. 


3.5. Transients 

The transient is known an unwanted and brief occurrence in strength device. It's can be categorized 
as impulsive and oscillatory. The transient manufactured owing into switching on/off of capacitor financial 
institution energization, oscillatory temporary and heavy load. The temporary normally as a result of the 
lightning strokes is called impulsive temporary [19-20]. 


3.6. Voltage Flickers 

The flickers are structured differences from the deliver voltage surround or a chain from casual 
voltage difference, the significance of which does now not be over via 0.9 tol.1 pu. The voltage perversions 
result by the non-stop and quick accounts inside the load are described as fluctuations. It is an 
electromagnetic occurrence whilst fluctuation is an unpleasant consequence to the voltage inconstancy in 
some load. each terms have equal that means in standards [19-20]. 


3.7. Power Frequency Variations 

It is known the perversion inside the essential frequency of its unique titular amount (60 or 50 Hz). 
There's moderate version at frequency owing as mismatch inter generation and load. The strength frequency 
editions are due to faults at the volume energy conveyances system, a big ban for load existence 
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disconnected. The energy device frequency (f) known as is straight delay for the rotatory speed (Ns) to the 
concurrent generators with constant range from poles (P) (Ns= f *120/P) [19-20]. 

Power Quality disturbances waveformsas shown in Figure |. Disturbances of Power Quality for 
Mathematical Model as shown in Table 1. 


Disturbances Equation Controlling Parameter 
Pure sine y(t) = Asin(wt) w = 2nf, A=1 
t =[0: 0.0001 : 0.4] 
Sag y(t) = AQ - a(u(t —t,) -—u(t - £5) sin(wt) 0.1< a 20.9 
a=0.5,A=1 
t,=0.05 to tp=0.15 
Swell y(t) = AQ + a(u(t —t,)-u(t-— t>))) sin(wt) 0.1< a 20.9 
a=0.5,A=1 
t,=0.05 to tp=0.15 
Interruption y(t) = A(1 — a(u(t — t,) — u(t — t,))) sin(wt) 0.1< a 50.9 
a=0.95,A =1 
t,=0.05 to tp=0.15 
Oscillatory y(t) = A[sin(wt) + u(t — t,) — u(t — t,) * e ity « sin(wt * f,)] t,=0.06 to t,=0.058 
Transients 300 < f, 2900Hz 
ty = (t1 +t2)/2 
Flicker y(t) = A(1 + a(sin(B * wt))) * sin(wt) a =0.15, B =7.5 
t,=0.05 to tp=0.15 
Harmonics a = (1- a2 - a2 - a)? 0.05< a3.7 20.15 
y(t) = asin(wt) + az sin(3wt) + a. sin(Swt) +a, sin(7wt) a, =0.15 
a, =0.15 
a, =0.15 


Sag harmonics 


Table 1. Disturbances of Power Quality for Mathematical Model 


a = (1- a3 — ag — a5)? 


t,=0.0001 to t)=0.4 
0.05< a357 >0.15 


y(t) =(1-a* ( u(t —t,)-—u(t—- t>))) * a sin(wt) + a3 sin(3wt) + a, =0.5 
a. sin(Swt) a3 = 0.15 
a. =0.15 
a, =0.15 


t,=0.0001 to t,=0.4 
t =[0 : 0.0001 : 0.4] 


Swell a = (1- a3 - a2 - az)? 0.05< a3.7 20.15 
harmonics y(t)=(1+a4@*(u(t—t,) —u(t— t,))) *asin(wt) + a3 sin(wt) + a, =0.5 
a. sin(Swt) a3 = 0.15 
a, =0.15 
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t,=0.0001 to t,=0.4 
t =[0 : 0.0001 : 0.4] 
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Figure 1. Power Quality disturbances waveforms 


4. ELECTRICAL POWER DISTRIBUTION MODEL 
Model of electric power distribution and Its Simulink diagram as shown in Figure 2. 
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Figure 2. (a) Model of electric power distribution (b) Its Simulink diagram 


5. MODEL OF ELECTRIC POWER DISTRIBUTION 

In model of the electrical energy distribution structure happen simulated of power quality 
disturbances as set in Figure 2(a). The version consists of 33KV 50HZ, SOMVA generator with series RL 
branch(10+j.628), a delta/star step down transformer of 33/11KV 3-phase source block provide via, an 
impedance 30Km distribution line, a normal load and transformer be a delta/star step- down, 20MVA 
components an energy to usual (RL load, IMVA) and non-linear (authority rectifier, 150V) load on the factor 
of commonplace coupling 1.e., bus 3. The following loads are connected to the bus 3 capacitor bank, heavy 
load, normal load, induction motor and non-linear load each of which enters at a given time. The time of each 
case differs from the one controlled by a three-phase circuit breaker. The test version for distribution gadget 
is simulated into SimPowerSystems and Simulink Blockset for MATLAB that is proven into Figure 2 (b). 
The version is usage to take a look at numerous power quality disturbances in strength system because of 
capacitor bank, heavy load, normal load, non-linear load, induction motor and system faults. 
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6. RESULTS OF THE SIMULATION 
The MATLAB/Simulink software helps to receive the power quality disturbances waveforms by 


way of the usage of mathematical models as long as energy apportionment select model. Effect of fault on 
the Electrical power distribution model as shown in Figure 3. 


x 104 Effect of fault at BUS 1 ~104 Effect of fault at BUS 2 
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Figure 3. Effect of fault on the Electrical power distribution model 


The capacitor bank energizing version advanced at Simulink is proven at Figure 2 (b). In the power 
system is amendment for power factor it's far utilize for simulate voltage temporary resulting from capacitor 
banking energizing. In the bus | additionally prepared with a capacitor bank (1.6MVA). In the general design 
two will be entered from capacitor bank, the capacitor bank | occurred at (0.4-0.45) sec. and capacitor bank 2 
occurred at (0.6-0.68) sec with two fault as shown in Figure 4, the fault 1 happened at (0.1-0.14) sec which 
happen fault between phase A and phase B and the fault 2 happened (0.2-0.28) sec which happen fault 
between all phase as shown in Figure 3. The voltage brief value decreases because it proliferates upriver 
towards the 33kV bus feeder. The volume for the capacitor bank determines the voltage temporary 
frequency. The rate for the surge undoing down its vibration is relying on the dimensions for the load. A 
bigger load offers inflated damping factor, for that reason leading from quicker agreement for 
transient oscillation. In Figure 5 the induction motor in Simulink model beginning in the time a certain 
between (0.3-0.34) sec, which dominates on two phase (A and C) and it will work with 200HP. 
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Figure 4. (a) Simulation the capacitor bank energizing 1 of Voltage Transient (b) It's for cause capacitor 
bank energizing 2 
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Figure 5. (a)Simulation for voltage sag because of beginning of induction motor in Pu(b)Simulation for 
voltage sag because of beginning of induction motor in RMS 
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It begins design may be usage for simulate voltage sag due to induction motor beginning, voltage sag 
effected via the aid of induction device load in addition to multistage fault. The voltage sag size grow 
because it reproduces upstream across the 33kV feeder wherein the voltage sag turns into slender. The sag 
value for the induction motor voltage sag is resolute through the ability grade for it. The better the induction 
motor ability score, decrease the sag value. Simulation of Three Phase Non Linear Load and heavy load with 
fault (a) at Voltage P.U (b) at Voltage RMS as shown in Figure 6. 
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Figure 6. Simulation of Three Phase Non Linear Load and heavy load with fault (a) at Voltage P.U (b) at 
Voltage RMS 


In Figure 6 (a), two cases on the system represent each instance on a segment with only one fault 
and each situation get in a given time, the fault come in from (0.1-0.14) seconds and is on phase B with 
ground. The steady-state distortions happen result the non-linear load to such same harmonics. The entry 
time to the non-linear load from (0.2-0.25) sec (20 cycles), be authoritarian on phase A and B, the effects 
appeared as in Figure 6 (a) in all cases. These species of energy quality distribution are swell, interference 


and voltage sag which formed within the energy allocation deliver gadget through entering a heavy load and 
brief circuit faults. 


7. DISCUSSION 

The signals of power quality disturbances can create by using MATLAB/Simulink software 
program. The disturbances may be produced with unique magnitudes in in keeping with unit, time intervals, 
and immediate on waveform. By means of connecting numerous energy system building block inside the 
simulation surroundings the power system model is created to simulate the energy quality event is ability the 
simulation technique presents researchers. Simulation technicality offer researchers the ability to produce 
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energy system version into simulate energy quality disturbances via collect numerous energy system. It 
grants an insight to help PQ event increase and conduct in the simulated energy system model. The 
determination for simulation method its dependency in the ability for the selection simulation. 


8. CONCLUSION 

This paper offers in two ways by Simulink model and simulation (mathematical models) them have 
the ability to simulate the event distribution of power quality level inclusive voltage swell, voltage sag, 
harmonic, voltage notch and transient. This Simulink mode integrated avail as essential version for 
constructing greater complex to simulation of power quality event. Tis model is too beneficial to simulate 
numerous energy waveforms for analysis algorithm private power quality. 
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